Quantitative analysis of the growth kinetics of chemically induced mouse liver tumors by magnetic resonance imaging.
Noninvasive methods for the early detection of tumor onset and progression in rodent liver would be of high value for pharmaceutical and chemical industry and would, at the same time, foster one of the 3 Rs (replacement, reduction, refinement) by reducing the number of animals in the bioassay. We have induced liver tumors in mice by single injection of diethylnitrosamine (DEN) either in 2-week- (experiment 1) or 6-week-old (experiment 2) male C3H mice. In the latter, mice were also chronically treated with 0.05% phenobarbital in diet according to an initiation/promotion protocol. Starting at 16 weeks after DEN injection (18 weeks after DEN in experiment 2), mice were routinely scanned by noninvasive magnetic resonance imaging (MRI) using a T2-weighted 3D sequence in regular intervals. Liver tumors became detectable in both experiments when they exceeded a diameter of ∼1 mm. Exponential increases in total tumor volume per liver were observed in both experiments. The onset of tumor development was similar with respect to DEN treatment. Although mice in experiment 1 had developed a mean total tumor volume of ∼100 mm³ approximately 24 weeks after DEN, it took ∼4 weeks longer to reach this tumor mass in experiment 2. Determination of time-dependent growth of individual tumors demonstrated strong tumor heterogeneity. In vivo MRI data were further correlated with tumor histology. The phenotype of tumors differed strongly between the two experiments, but our results demonstrate that tumors can be reliably detected by MRI when they exceed a certain size independent of their phenotype.